Abstract. Co-HA composite produced using electroless deposition without conventional sensitization and activation treatment was studied with varying sintering temperature (1100 o C, 1200 o C and 1250 o C). The particles size, bulk density, porosity, hardness measurements and the flexural strength are performed in order to find the optimum sintering temperature. After the electroless process for 1 H, the particle size of HA increase to 3.9% and finally the value bulk density percentage of 93.08%, percentage porosity of 6.89%, hardness value of 291.8HV and flexural strength value of 42.4MPa have been achieved after pressing and sintering Co-HA composite at 1250 o C. Observations were supporting the idea that Co-HA produced by modified electroless method was improving the mechanical properties with increasing the sintering temperature.
Introduction
Hydroxyapatite (HA), the main mineral constituent of vertebrate skeletal systems. Their accomplishments in the field of biomedical applications, especially in prosthetic applications, have attracted wide attention [1] [2] [3] . Calcium phosphate ceramics, especially HA, are currently used as biomaterials for many applications in both dentistry and orthopedics, because they form a real bond with the surrounding bone tissue when implanted. Nevertheless, due to the poor mechanical properties of bulk HA ceramics, such materials cannot be used as implant devices for load-bearing applications [4] [5] .
On the other hand it is well known that the incorporation of reinforcement such as metals, fibres and whiskers to improves the mechanical properties. Titanium and cobalt alloy have been widely used as hip implants under load bearing conditions, due to their appropriate mechanical properties [6] . In response, compared with the monolithic matrix performance, the presence of reinforcement opposes the sintering process [7] . Sintering is the term used to describe the consolidation of the product during firing. Consolidation implies that within the product, particles have joined together into strong aggregate.
The term sintering is often interpreted to imply that shrinkage and densification have occurred. Sintered HA composite are observed to develop cracks. Thus, an optimization of the strength and microstructure of HA composite by a suitable choice of sintering parameters are needed. The purpose of this research is to study the effect of sintering temperature on mechanical properties of Co-HA composites.
Materials and methods
The electroless bath solution with 400ml deionised water containing the composition as mentioned in Table 1 . HA powder is a main material and Sodium Hypophosphite as reducing agent was supplied by Sigma Aldrich. Cobalt (II) Chloride which is a main salt supplied by HmbG chemical.
All of the chemicals were analytical reagent grade. Electroless deposition process was carried out in alkaline solution and maintained at 65 o C. The pH solution was adjusted to pH 9.0 by dropping Sodium Hydroxide (NaOH). The total of electroless process time was 2 hours with condition of 350rpm stirred magnetic bar. The composite powder was cleaned with de-ionised water for several times and dried at 70 o C for a night. 
Result and Discussion
Co-HA powder characterization.
Particle size and phase composition of starting powder play important role in densification and mechanical properties of sintered body. Figure 1 shows average particle size of Co-HA powder as a function of time during electroless deposition process. The average size of 7.62µm was attained after deposition complete compare to 7.32µm of pure HA powder. C. The decrease in porosity was due to the shrinkage by sintering process. At lower sintering temperature representing early stage sintering which grains start to coalesce followed by necking and densification stages at higher temperature. During this stage, cobalt grains mobile by surface diffusion and entrapped in HA grain boundary as shown in Figure 6 Flexural strength and Vickers hardness results of sintered HA and Co-HA composites are presented in Figure 8 and Figure 9 , respectively. Optimum strength value of 42MPa was achieved at temperature 1250 o C. At higher temperature, complete sintering with cobalt distribution at grain boundary enhanced the densification as well as the mechanical properties of specimen. On the other hand, at lower temperature imply incomplete densification and diffuse porosity. This decrease flexural strength because lack of tight link among the grains. The hardness shows similar trend to the fracture strength result attributed to decrease in percentage of porosity after sintering. The fracture strength and harness of sintered Co-HA improved to almost 60% and 50% respectively compared to pure HA.
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Conclusion
From the data and observations it seen clearly that mechanical properties of HA can be increased by addition of 10% cobalt using modified electroless method. The result also shows fracture stress and hardness can be increase to 42MPa and 291HV respectively by increasing the sintering temperature to 1250 o C.
